Treatment the Apert Syndrome is unique, therefore, divergences exist in the priority of the procedures performed by each team. The Apert Syndrome occurs in approximately 1/65,000 births and accounts for 4.5% of all craniosynostosis. Some changes in Apert Syndrome stand out, such as craniosynostosis and polydactyly.
Apert Syndrome is the most widely recognized craniosynostosis syndrome. It was first described by Wheaton' in 1894 and subsequently further cases were reported by Apert. Apert syndrome, named after this French physician "Eugene Apert" who first described it in 1906 and is a relatively uncommon cranio-facial anomaly. [1] It occurs in approximately 1/65,000 births and accounts for 4.5% of all craniosynostosis [2, 3] . In case of an affected parent, the condition is transmitted in an autosomal dominant way with the offspring of one affected parent heterozygous for the mutation. [4] Most cases of AS are caused by either one of the two missense mutations in FGFR2 exon 7, i.e., C934G or C937G leading to the amino acid substitutions S252W or P253R, respectively. These mutations are known to enhance ligand-dependent activation of FGFR2 by reducing the dissociation rate between ligands and FGFR2; loss of ligand specificity in turn causes aberrant binding of FGFR2IIIc, a mesenchymal splicing isoform, to FGF7 or FGF10, thereby inducing enhanced differentiation of osteoblasts. [5, 6, 7, 8] .
The typical clinical features of Apert syndrome described extensively in the literature include: 1) Craniosynostosis: a wide bony defect possibly extending from glabella to the posterior fontanel and caused by the early closure of the coronal suture, the cranial base and the abs-ence of the sagittal and metopic sutures; 2) Midface hypoplasia: as the fronto-ethmoidal suture, sphenooccipital and spheno-ethmoidal synchondroses fuse early, both the anterior and posterior parts of the cranial base are short and give rise to hypoplasia of the midface. This is the case in the transverse as well as in the sagittal direction, which result in a skeletal Class III relationship; 3) Cone-shaped calvarium; 4) Skeletal open bite: a large anterior open bite is present in most patients, along with a Class III malocclusion and retruded maxillary teeth; 5) Pharyngeal attenuation: this is also the result of early synostosis of the spheno-occipital synchondrosis, resulting in a short posterior cranial base and thus reduction of the pharyngeal height; 6) Pseudocleft palate with a Byzantine-arch shape: the bilateral swellings of the palatine processes create a midline pseudocleft of the soft tissue; 7) Dental findings: delayed tooth eruption, ectopic eruption of teeth, shovel-shaped incisors, tooth agenesis and severe crowding; 8) Ocular manifestations: proptosis (often asymmetric), hypertelorism and shallow orbitae. Patients often experience visual disturbances which are due to imbalance of the muscles that move the eyes; 9) Syndactyly of hands and feet, or webbing of the fingers and toes: the fused digits are usually separated surgically; however, there can be limited mobility of some fingers due to progressive ossification of interphalangeal joints; 10) Mild intellectual disability may be present in some individuals; 11) Cutaneous manifestations: excessive sweating is a typical characteristic; 12) Gastrointestinal and cardiac malformations may be present in patients with Apert syndrome; 13) Impaired hearing: hearing loss can occur due to recurrent ear infections; 14) Unusual speech characteristics: underdevelopment of the midface, a small nose and an excessively long soft palate can lead to hyponasal resonance. If patients also have a cleft palate, however, then hypernasal resonance will be produced. Speech and language development is also often affected when hearing is impaired. [9] [10] [11] [12] [13] [14] 4] .
Surgical treatment requires a team approach consisting of neuroradiologist, craniofacial surgeon, pediatric surgeon, pediatric anesthetist, plastic surgeons for hand surgery and orthodontist. [15, 1] .
Treatment of each patient is unique, therefore, divergences exist in the priority of the procedures performed by each team. Some changes in Apert Syndrome stand out in search term, such as craniosynostosis and polydactyly.
Craniosynostosis
In 1971, Tessier described the use of the frontofacial advancement to correct the deformity of the Apert skull. His frontofacial advancement was further modified by Ortiz-Monasterio in 1978 into the monobloc osteotomy, which advanced the orbits and the midface together. Van der Meulen used this monobloc to correct orbital hypertelorism in a child with a median facial cleft, and Tessier refined this to the facial bipartition. [16] [17] [18] 19] .
The ultimate goals of treatment for craniosynostosis are relieving cranial constriction to allow functional brain development and improving or maintaining cosmetic appearance. Various surgical techniques such as frontoorbital advancement (FOA) or total calvarial reconstruction have been described for treating craniosynostosis, which are standard procedures for craniosynostosis because of their postoperative effects on the cranial vault. [20] [21] [22] [23] 24] The incidence of relapse is low when syndromic craniosynostosis is treated with monobloc distraction or Le Fort III midfacial distraction. These procedures are recognised as useful surgical techniques that can yield good morphological and functional results and that can replace conventional methods. According to past reports, each institution seems to be using an external or internal device for distraction based on the surgeon's preference. The external and internal devices appear to be used at even frequencies. However, it is not easy to appropriately differentiate their uses, and selection of device type is often a challenge. [25] .
The present study used three types of devices in patients according to an algorithm that we developed ourselves (Figure 1) . [25] Distraction techniques with a variety of external and internal distraction systems have been successfully used to advance the midface. However, external distraction devices generally cannot deliver adequate distraction forces for lengthening; as a result, the distraction achieved is limited. On the other hand, internal distraction devices do not allow control of the post fixation distraction vector. We have developed a hybrid facial distraction system (HFDS) leveraging the advantages of external and internal distractiondevices. However, when the advanced maxilla undergoes excessive clockwise rotation and is shifted more downward vertically than the planned position, it might be impossible to pull it back into the planned position (Figure 2) . [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] 36] .
In many craniofacial units, a posterior vault expansion is done as initial surgery in patients with Apert and Crouzon syndromes and craniofrontonasal dysplasia. The conventional technique for posterior vault expansion needs a large dural dissection compared to the spring technique to release the At the same time, the internal distraction device has an adjustable angle which moves up and down according to the direction of the wires. The angle of the internal distraction device's fixation position on the temporal bone can be altered by 5-15 degrees from side to side. Additionally, the device which can control the direction of the advanced maxilla vertically is attached to the external distraction device. Then, surgical wires are attached to the screws and spindle units after penetrating through the scalp and passed through the inside of the zygomatic arch. The vertical direction of the extended maxilla can be controlled by adjustment of the spindle units. [36] .
dura from the bone flap; this involves a higher risk for significant blood loss. Furthermore, the amount of push back of the occiput is restricted by the tightness of the skin. These problems have been solved with the introduction of distraction osteogenesisassisted vault expansion. The current technique with internal distractors that protrude through skin incisions has some disadvantages such as pin infection and mechanical problems. Spring-assisted posterior vault expansion is a possible alternative. Spring-assisted expansion was introduced by Lauritzen et al. and has since been used for various indications and types of craniosynostosis. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] 47] . However, calvarial distraction is not without potential downsides: enlargements are limited to a single vector per device, the treatment process is extended from a single day to a number of months, and second operative procedures are necessary for removal of the expansion devices. Issues with expansion devices have also been reported including mechanical breakage and erosion of springs through the bone. [48, 49, 50] . It is thought that posterior vault expansion offers a greater volume increase compared to frontal vault expansion, preserves the facial profile in case of midface hypoplasia, and leaves the frontal part of the skeleton untouched which may reduce the complications of a monobloc or facial bipartition performed at a later age. A monobloc or facial bipartition is indicated in most cases to protect the eyes in case of severe exorbitism, treat obstructive sleep apnea, and for aesthetic reasons. [51, 47] Our team developed an advancement method using an external transfacial pin and limited osteotomies on the external orbit. No Le Fort III osteotomy was used and the gap between the nose and the skullbase was in this way avoided.
As a consequence, our actual technique did not allow us to correct significantly the anterior open bites, but we did not generate new ones either. On the other hand, it allows to control the distraction vector and to correct it easily in case of disturbances. The disadvantage of using external devices resides especially in their social aspect as the child may be stigmatized during this period by his peers and may not be suitable for school classes over 3 to 6 weeks. The anterior scar of the external wires can be between 0.5 and 1.5 cm long. It can be treated as a scar revision if needed. The other advantages of an external frame are numerous. The procedure is simple and fast, the frame is easily inserted and removed at the end of the protocol in the day of surgery. It is less distressing than the halo frame. There has no risk for intracranial accidental penetration of our device when performing complete vault reshaping. The limited osteotomies and the lack of Le Fort osteotomy avoids communication to the cranial fossa and potential severe complications like infection and CSF leakage. There is also no bleeding from a facial osteotomy. Furthermore, the use of an external device avoids the risk of infection related to intra-focal devices. [52] [53] [54] [55] 56] .
Polydactyly
The main goal of surgery for hand anomalies of Apert syndrome patients is to reconstruct the thumb to index finger pulp-topulp pinch to overcome common difficulties in their daily life such as holding a fork or a spoon and buttoning up. [57, 58] . Various classifications have been used to assist surgeons in planning surgery. The Upton [60] classification is most commonly used; it divides the hand deformity into 3 types that correspond with increasing severity. Type 1 consists of a complex (osseous and soft-tissue) syndactyly of digits 2 through 5, with the thumb free. This is described as the spade hand. A type 2 deformity involves a complex syndactyly of digits 2 through 5, with an associated simple syndactyly of the thumb. This has been described as the spoon or mitten hand. A type 3 deformity consists of complex syndactyly of digits 1 through 5, with complex syndactyly of the thumb; it has been described as the rosebud hand. [59] [60] [61] 62] We have developed a protocol for preoperative imaging of the Apert hand that enables visualization of the arterial anatomy to a level distal to the distal interphalangeal joints (Figure 3) . This information is used by the surgeon to plan and execute a single-stage syndactyly release of the entire hand, which reduces the total number of operations a child must have. We were able to manipulate 3-dimensional reconstructions of the angiograms to allow operative planning ( Figure  3) . The images were then analyzed to identify at least one artery to each digit, demonstrating continuity of contrast material. The position of these arteries was recorded, and surgical dissection was planned to ensure that each artery was included in the correct digit. Abnormalities in the anatomy were identified and incorporated into the surgical plan. [62] .
A single-stage release of the syndactyly provides the benefit to the patient of a single operation and a single recovery period, this means noteworthy savings in terms of hospital bills and accommodation expenses, in addition to the obvious benefit of fewer operations. recovery period. For many of our patients who travel from overseas and remain in our center during the. [62] .
After the initial procedures for syndactyly release, when the fact that the range of motion is limited in the second proximal interphalangeal joint is taken into consideration, radial deviation of the thumbs remains as the most important issue for Apert syndrome patients in terms of functional impairment. Because radial deviation of the thumb is associated with the loss of index-to-thumb pulp-to-pulp pinch, these patients may experience limitations in their daily life activities such as problems in buttoning up and holding a spoon. [63, 58] .
In this study, instead of the conventional linear approach, a C-shaped osteotomy was performed from radial to ulnar direction to the distal portion of the triangular delta phalanx with care to spare the epiphyseal plate. Planning a C-shaped osteotomy allows the desired rotation while distracting the segments. Moreover, because bone-to-bone contact is not lost and the segments are gliding on each other during distraction, we believe that the risk for fibrous union is lower and the obtained bone quality is better than with the conventional approach. An external fixator is placed using 1 or 2 pins to the proximal portion and 1 pin to the distal side of the osteotomy with care, sparing the epiphyseal plate (Figure 4) . In patients whose delta phalanx was hypoplastic, for insertion of proximal pins, the distal portion of the first metacarpal bone was preferred. Pin loosening seems to be the major disadvantage of our procedure because this led to loss of stability of the external fixator in 6 applications of 4 patients. Besides pin loosening in 2 patients, PTI was observed. Another potential disadvantage of distraction is subluxation of the adjacent joint, whereas in the long-term follow-up, this had not been seen in any of our patients. This is probably related to the distraction and adaptation of the soft tissue as well. [58] Possible Treatment In The Future?
Fibroblast growth factor receptors (FGFR) 1-4 are members of the tyrosine kinase receptor family, and thus far 22 FGF ligands have been identified. FGFR signaling induces proliferation, migration, differentiation, and survival of many cell types. Apert syndrome is characterized by craniosynostosis and severe bony syndactyly of the hands and feet. It is predominantly caused by missense mutations in FGFR2, which lead to S252W or P253R amino acid substitutions and result in a gain-of-function FGF signaling. [64] [65] [66] 67] . Recently, two independent mouse models of Fgfr2 1/S252W and Fgfr2 1/P253R have been established. Similar to AS patients, both models exhibit premature coronal suture (CS) fusion, midfacial hypoplasia, and a domed skull. [68] [69] [70] 74] .
These mouse models are used to evaluate novel targets and strategies for treatment of Apert Syndrome. The MEK1 inhibitor PD98059 was shown to reduce CS fusion in calvarial explants from Fgfr2 1/ P253R mice. Both pre-and post-natal administration of the MEK1/2 inhibitor U0126 inhibited AS-like phenotypes in Fgfr2 1/S252W male mice, as did gene therapy to express a short hairpin RNA against the Fgfr2 1/S252W allele. However, synostosis resumed after withdrawal of the chemical inhibitor, which reflects the postoperative re-synostosis phenomenon frequently observed in syndromic craniosynostosis patients. Inhibitors of other pathways that promote osteoblastic differentiation may provide alternatives for direct inhibition of FGF signaling, but they have not been evaluated in an Apert mouse model. [69, 71, 72, 74] .
Our previous study demonstrated that a soluble form of the Apert mutant FGFR2 (sFGFR2III cS252W ), which lacks the transmembrane and cytoplasmic domains, acted as a decoy receptor by competing for ligand binding with FGFRs. This mutant inhibited enhanced osteoblastic differentiation in the MG63 osteosarcoma cell line transfected with FG-FR2III cS252W . Furthermore, calvarial osteoblasts derived from FGFR2III cS252W transgenic mice proliferated and differentiated via highly activated MEK, ERK, and p38 pathways, whereas these pathways were suppressed in calvarial osteoblasts expressing sFGFR2III cS252W . [67, 73, 74] . Our purified sFGFR2III cS252W is unique for several reasons. First, we speculate that soluble FGFR2III c-S252W can spread to the whole body through the bloodstream because of its endogenous expression in human tissues. Second, it has potent inhibitory effects towards the pathological conditions of Apert because of the S252W mutation, which causes loss of ligand specificity and reduces ligand dissociation rates; this study is the first to report the use of a soluble receptor carrying a mutation associated with a human congenital anomaly. Third, purified sFG-FR2III cS252W not only has binding affinity for Fgf2, but was also shown to dimerize with membranebound or cytoplasmic monomeric FGFR2 in the presence or absence of the S252W mutation, resulting in incomplete dimers that block subsequent intercellular signaling. [74] Our current strategy, which applied the purified protein to the calvarial tissue by using a nanogelcrosslinked hydrogel system as the protein carrier has several advantages; individual nanogels can store proteins inside their nano spaces and then gradually release proteins locally without any significant change in their biological activities; they do not contain antigens; they are inexpensive. However, many problems must be resolved before this protein is applied in clinical settings for the treatment of Apert patients. Because craniosynostosis typically occurs during fetal life, the safety and effectiveness of FGFR2-based treatment must be tested and an appropriate administration technique should be established using animal experiments in vivo. Some patients with craniosynostosis display recrudescence of bony fusion just after craniectomy; the complex might help block these unfavorable phenomena caused by aberrant FGF/FGFR signaling. Taken together, our data suggested that the appropriate delivery of purified sFGFR2III cS252W could be an effective method for treating not only AS but also other types of craniosynostosis resulting from aberrant FGF/FGFR signaling. [75, 74] Vol. 8 No. 87 doi: 10.3823/1686
